Ecological Spectrums of Heterotrophic Flagellates (Protista) in Water Bodies of Ukrainian Polissya Area. Shevchuk S. Yu., Dovgal I. V. -Dependence of 26 heterotrophic flagellate species development in central part of Ukrainian Polissya area from operating pH and concentrations of dissolved organic matter and oxygen in the waters is considered. Narrowing of existence spectrums in certain types of water body characteristic for some species of heterotrophic flagellates is stated; this peculiarity is strongly expressed in the bogs where specific complex of hydrochemical conditions to have a place. K e y w o r d s: heterotrophic flagellates, Ukraine, ecological spectrums, tolerance.
Introduction
The heterotrophic flagellates are widely distributed in the water bodies of different modes. The group is of great importance in the cycle of organic matter since these protozoans present the important link in the food chains between bacterial plankton and phytoplankton on the one hand and mesoplankton on the other one (Fenchel, 1987) .
The additive effect of several factors of aquatic environment is responsible for both of the species richness and abundance of heterotrophic flagellates as for peculiarities of their distribution.
Particularly, it is known that different flagellate species are characteristic by various attitudes to the operating pH. It has been found experimentally that kinetoplastids developing in the operating pH range between 4 and 10 with optimum between 7 and 8 (Zhukov, 1993) . The species richness of heterotrophic flagellates in the natural water bodies with subacid reaction was higher than in water bodies with neutral reaction (Mylnikov, Kosolapova, 2004) .
Many of heterotrophic flagellates are inhabitants of polluted waters and unpretentious concerning concentration of dissolved O 2 . Among them the benthic and periphytic flagellate species generally are less sensitive to oxygen concentration than planktonic. However there is no clear dividing line between these ecological groups (Zhukov, 1993) .
The facultative and obligate anaerobes mainly from the order Diplomonadida Wenyon, 1926 represent the peculiar ecological group of heterotrophic flagellates (Fenchel, 1987) .
The cultured heterotrophic flagellates usually show the positive dependence of their development with concentration of dissolved organic matter (Zhukov, 1970) , but optimum of concentration may vary essentially in different species (Kosolapova, 2005) . Species richness, abundance and biomass of flagellates increasing with grows of organic matter content in the water, as Tikhonenkov (2006) shows in his work on the natural water bodies.
However the data concerning tolerance of flagellate species to hydrochemical characteristics are incomplete (Tikhonenkov, 2006) and generally apply to impact of any environmental factors on flagellate community as a whole.
Here, we consider dependence of development of several heterotrophic flagellate species from the central part of Ukrainian Polissya area from operating pH and concentrations of dissolved organic matter and oxygen in the waters.
Material and methods
The material was collected in different types of water bodies in the 53 localities of Zhytomyr and Kyiv Regions of Ukraine ( fig. 1 ) during [2004] [2005] [2006] [2007] . At each locality the samples of water were sampling by hand in three replications. The flagellate species identification and enumeration were carried out in vitro.
For the estimation of heterotrophic flagellate abundance in 5 ml of water were placed in Petri dishes with diameter 6 cm. Fifteen microscopic fields were examined under light microscope MIKMED (using water immersion objective) at magnification x1050 in each Petri dish. The abundance of flagellate cells per 1 ml (N) was calculated by the following equation: N = n•S/V•s where n is the overall abundance of cells in characters, S is the area of the Petri dish, V is the sample volume, s is the overall area of characters (Zhukov, 1975) .
The flagellates were identified based on the keys by Z. I. Asaul (1975) , B. F. Zhukov (1993) , A. P. Mylnikov (1992) and A. P. Mylnikov, N. G. Kosolapova (2004) .
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S. Yu. Shevchuk, I. V. Dovgal Water temperature was measured with calibrating mercurial thermometers graduated in 0.1 or 0.5°Ñ, whereas operating pH measured with the pH-150M pH-meter, dissolved oxygen concentration calculated by the Winkler method, and dissolved organic matter measured by permanganate oxidation (Alekin et al., 1973; Unifitcirovannye…, 1983) .
For the graphic expression of the species ecological spectrums the values of quantity of different environmental factors were brought to the connatural units. With that end in view we used the ten-point linear scales (Pesenko, 1982) constructed on base on own data of factor values.
The constructed scales and becoming ranges of factor values are given in table 1.
Results and discussion
The tolerances for above listed factors were estimated in 26 most common in the region flagellate species (Shevchuk, 2007) Attitude of heterotrophic flagellates to water temperature was illustrated but not analyzed using the linear scale as the material was collected in the summertime, when temperatures were from 17 to 26 centigrade degrees, i.e., with slightly sizable changes.
Clearly the configurations of ecological spectrums in separate species are determined by relations of the species to the any factors. However such relations were determined only for certain species.
Thus the reliable negative correlation was found in A. tachyploon between its abundance and oxygen concentration (r = -0.62) and positive correlation found between development of P. s³mplex and permanganate oxidation (r = 0.64).
As it was discussed earlier Ancyromonas s³gmo³des, G. truncatà, Rhynchomonas nasuta and Rhynchobodo s³m³us are eurybionts. The same species previously (Shevchuk, 2007) were assigned to eurytopic since was encountered in all types of water bodies that are characteristic for Ukrainian Polissya.
Protozoans are known to be able to rapid adaptations for changing of environmental conditions. One can envision that the ecological spectrums of eurybiontic heterotrophic flagellates will differs in the various water bodies characteristic by various complexes of hydrochemical characteristics.
As a check on the conjecture we have obtained the ecological spectrums of listed euryecic species in the different modes of water bodies.
Referring to figure 6 the A. s³gmo³des was found in rivers and lakes under closely related pH values. In such localities A. s³gmo³des to proven to be euryionic whereas in ponds, soil-reclamation canals (under pH > 6.1) and bogs (under pH = 6.1-6.3) the species is stenoionic.
The same species was euryoxide in the rivers and land reclamation canals, whereas it was stenooxide in ponds, lakes where oxygen concentrations were less then 13.4 mg per liter and especially in bogs where it was found at O 2 concentration from 2.6 to 4.7 mg per liter.
With respect to dissolved organic matter concentration A. s³gmo³des was shown to be stenobiont only in land reclamation canals, where it was registered in the range of permanganate oxidation from 4.7 to 14.7 mg O 2 per liter. e-26
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The similar differences in attitudes regarding to hydrochemical factors in various water bodies were observed in other eurybionts.
For instance, R. nasuta was found as euryionic in the rivers and canals and as stenoionic in ponds, bogs and lakes ( fig. 7) . It was also noted as euryoxide in rivers and canals but as stenooxide in bogs and lakes.
It is interesting that in rivers and bogs R. nasuta was registered at permanganate oxidation that excess of 55.1 mg O 2 per liter, whereas in ponds, land reclamation canals and lakes at values of the parameter not exceeding this quantity (fig. 7) .
In partcular, R. s³m³us occurs in lakes over the operating pH from 5.3 to 6.3. As regards to dissolve oxygen the species was registered under its volume no more than 15.6 mg per liter in all types of water bodies except rivers.
R. s³m³us was registered in rivers, ponds and bogs similarly to R. nasuta at permanganate oxidation that exceeeds certain level, but at values of the parameter less than this quantity in land reclamation canals and lakes. However, for R. nasuta threshold value was different and not exceeding 65.2 mg O 2 per liter ( fig. 8) . e-27 S. Yu. Shevchuk, I. V. Dovgal Finally, G. truncata is shown to be euryionic in rivers and land reclamation canals, whereas in ponds, bogs and lakes it was found to be stenoionic ( fig. 9 ).
This species also shows reduction of tolerance to oxygen concentration in ponds and bogs, where it was found at range from 2.6 to 13.4 mg O 2 per liter. At the same time, G. truncata is eurybiotic in the rivers and bogs in respect to permanganate oxidation whereas in lakes, ponds and canals occurs only under range from 4.7 to 55.1 mg O 2 per liter ( fig. 9) .
Hence the narrowing of existence spectrums in certain types of water bodies characteristic for investigated species of heterotrophic flagellates was detected. The peculiarity is especially expressed in bogs, possessing specific complex of hydrochemical conditions.
